To prove the feasibility of hand-assisted laparoscopic liver resection for tumors located in the posterior portion of the right hepatic lobe. Summary Background Data: Use of laparoscopic liver resection remains limited due to problems with technique, especially when the tumor is located near the diaphragm, or in the posterior portion of the right lobe. Methods: Between October 2001 and June 2002, a total of 7 patients with solid hepatic tumors involving the posterior portion of the right lobe of liver underwent hand-assisted laparoscopic hepatectomy with the HandPort system at our hospital. Surgical techniques used included CO 2 pneumoperitoneum and the creation of a wound on the right upper quadrant of the abdomen for HandPort placement. The location of tumor and its transection margin were decided by laparoscopic ultrasound. The liver resection was performed using the Ultrashear without portal triad control, with the specimens obtained then placed in a bag and removed directly via the HandPort access. Results: The 5 male and 2 female patients ranged in age from 41 to 76 years (mean 62.3 Ϯ 14.4). Surgical procedures included partial hepatectomy for 6 patients and segmentectomy for one, all successfully completed using a variant of the minimally invasive laparoscopic procedure without conversion to open surgery. The mean duration of the operation was 140.7 Ϯ 42.2 minutes (90 -180). The blood loss during surgery was 257.1 Ϯ 159 mL (250 -500), without any requirement for intraoperative or postoperative transfusion. Pathology revealed hemagioma (n ϭ 2), colon cancer metastasis (n ϭ 2), and hepatocellular carcinoma (n ϭ 3). There were no deaths postoperatively, with 1 patient suffering bile leakage. Mean hospital stay was 5.3 Ϯ 1.3 days postsurgery. Conclusion: The results of this study suggest that laparoscopic liver resection using the HandPort system is feasible for selected patients
with lesions in the posterior portion of the right hepatic lobe requiring limited resection. Individuals with small tumors may benefit; because a large abdominal incision is not required, the wound-related complication rate might be reduced. R efinements in instrument design and advances in surgical technique have prompted many surgeons to extend the new approach to include treatment of liver disease. [1] [2] [3] Resection of the liver using laparoscopic techniques still presents a challenge to the surgeon, however, due to the difficulties associated with safe parenchymal transection of the abundant vascular structure and the serious consequences of injury to major adjacent vessels. Most reported techniques for tumor removal have mainly involved the left lateral segment and the anterior and inferior portion of the right hepatic lobe. 4 -8 Hand-assisted laparoscopic surgery, a newly developed technique based on an innovative concept, has proved useful and safe for a variety of less invasive surgeries. 9, 10 It allows the surgeon to insert a hand into the peritoneal cavity, enabling direct manipulation of the organ, particularly holding and counter-retraction. Further, this technique provides tactile perception, allowing identification of the lesion and facilitating optimal orientation of the stapling devices. On the basis of these 7 cases, we report our initial experience using the HandPort system (Smith & Nephew Inc; Andover, MA), the less invasive procedure, for liver resection involving the posterior part of the right lobe.
MATERIALS AND METHODS

Patient Selection
From October 2001 to June 2002, 20 patients at our institution were diagnosed with a tumor located in the posterior portion of the right hepatic lobe. All patients received a preoperative workup, including complete history and liverfunction test, tumor markers, abdominal computed tomogra-phy, and angiography, if necessary, to exclude ascites, coagulation abnormalities, or extrahepatic lesion before the operation. Additionally, 13 patients were excluded due to proximity of the tumor to the major hepatic vein or because the tumor was large enough to require more extensive hepatectomy. Finally, 7 patients were considered suitable candidates for hand-assisted laparoscopic surgery. The salient patient characteristics are listed in Table 1 . Patients 1, 2, 5, 6, and 7 were hepatitis B carriers with ␣-fetoprotein elevated in a routine follow-up at our outpatient clinic. Patients 3 and 4 had colon cancer and received operations 18 and 12 months before, with elevated carcino-embryonic antigen levels noted during postsurgical regular follow-up at our outpatient clinic. A solitary hepatic tumor was detected on the posterior part of the right of the liver or near the diaphragm by abdominal sonography for all of the above patients.
Surgical Technique
After endotracheal general anesthesia, the patient was placed right side upward in the semi-lateral position. A subumbilical port was created and used to produce pneumoperitoneum (12 mm Hg), a 10-mm with 30°laparoscope inserted to check the condition of the peritoneal cavity. Three 10-mm ports were also created along the right subcostal margin on the midclavicle, anterior, and midaxillary lines. Once extrahepatic lesion was excluded, an incision was made approximately 6 to 8 cm in length according to the inserting hand size, and it was extended from the midclavicle wound to the subxyphoid region for creating an access for the HandPort system placement (Fig. 1 ). The HandPort contains 3 components: base retractor with inflatable ring, internal sleeve with a rigid ring, and a pneumosleeve. The base retractor was placed on the wound, and the internal sleeve was inverted into the peritoneal cavity. The ring with its internal sleeve may be seated evenly on the peritoneum after the inflatable ring of the base retractor is being insufflated fully. The operator stood on the ventral side of the patient's abdomen. His right hand, wearing a pneumosleeve, was passed through the HandPort access to hold the right lobe of the liver for countertraction. An assistant stood on the right side of the patient (Fig. 1 ). The right side of the liver was divided from the right triangular ( Fig. 2 ) and coronary ligaments until the adrenal and inferior vena cava was exposed and the superior and posterior parts of the right lobe moved freely. In the meantime, the inserting hand could rotate the posterior part of right hepatic lobe including the tumor anteriorly ( Fig. 3) . The tumor and adjacent vessels and bile ducts were identified by laparoscopic sonography (Fig. 4) , with the resection margin also decided using this imaging modality. A minimum tumorfree distance of 1 cm from the tumor margin was used for patients undergoing surgery for malignancy. Before the procedure of liver transection, the patients were changed to head-upward position and the intraabdominal pressure was lowered as long as the operative field was exposed. The hepatic transection was performed using the Ultrashear ultrasonic dissector (USSC; Norwalk, CT) along the ultrasounddecided demarcation ( Fig. 5 ). Endoclip ligation was used for major vessels (Ͼ3 mm) or the bile duct where encountered. If minor bleeding occurred on the transected surface, hemostasis could be achieved using the inserted hand to directly compress the lesion. Once the resected specimen was divided completely, it was placed in an elastic bag and removed via the HandPort access. The surgical field was irrigated using normal saline, and the transected liver surface was checked for any bleeding FIGURE 2. The inserted hand is used to hold the right lobe for counter-retraction, and the right triangular and coronary ligaments are divided using the Ultrashear.
FIGURE 3.
After the right lobe of liver is freed completely from the retroperitoneum and diaphragm, the tumor (arrow) may be exposed and raised anteriorly. Abdominal computed tomogram shows initial location of the tumor before mobilization. 
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Annals of Surgery • Volume 238, Number 5, November 2003 or bile leakage. After the fluid was aspirated, a drain was placed in the subphrenic space, near the transected surface of the liver. The superficial wounds were then closed in layers after deflation of the pneumoperitoneum.
RESULTS
All 7 patients agreed to the laparoscopic approach after being diagnosed with solid tumor involvement of the rightside posterior section of the liver. Ages ranged from 41 to 76 years (mean 62.3 Ϯ 14.3). Three lesions were located in segment 7, and four were located in segment 6 according to the Couinaud nomenclature. Tumor size ranged from 1.8 to 4.0 cm in largest diameter (mean 2.4 Ϯ 0.7 cm). Surgical procedures included 6 partial hepatectomies and 1 segmentectomy. All operations were completed successfully without conversion to the open procedure. The operation time ranged from 90 to180 minutes (mean 140.7 Ϯ 42.3 minutes). The blood loss during surgery ranged from 50 to 500 mL (mean 257.1 Ϯ159.2 mL), without any requirement for intraoperative or postoperative transfusion. Pathology revealed hemangioma (n ϭ 2), colon cancer metastasis (n ϭ 2), and hepatocellular carcinoma (n ϭ 3). The surgery results are listed in Table 2 . There were no postoperative deaths. One patient suffered bile leakage from the transected liver surface, detected on the fifth day postsurgery. The mean postoperative hospital stay was 5.3 Ϯ 1.3 days, and all patients had been discharged from hospital within 1 week of surgery. Postoperative follow-up was required regularly for malignant patients, ranging from 6 to 12 months. These 5 patients are alive without recurrence or wound metastasis.
DISCUSSION
Several laparoscopic techniques have been successfully applied for the diagnosis and treatment of intraabdominal disease. Laparoscopic common bile duct exploration has been used effectively for patients with biliary tract stones, with low rates of surgery-related complications. 11 Further, gastro-esophageal reflux has been effectively treated using various types of laparoscopic fundoplication, 12 while the new development of the laparoscopic instruments has enabled resection of solid organs [13] [14] [15] and section of the gastrointestinal tract. 16 -18 Many surgeons have extended laparoscopic techniques to include treatment of benign lesions and the diagnosis of hepatic variants. The introduction of laparoscopic ultrasound has enabled prevention of injury to the bile duct or major vessels through improved imaging of these structures; laparoscopic drainage of abscess or fenestration/excision of simple cysts has become a feasible, safe, and practical method for treatment of symptomatic cysts. 19, 20 Tumor location is still one of the major concerns for successful completion of laparoscopic hepatectomy. Kaneko et al 4 and Cherqui 21 et al do not recommend using the laparoscopic approach for tumors located in the posterior or superior part of the right lobe; this recommendation is the result of problems associated with exposure and bleeding control when adjacent major vessel structures are injured. Effective adaptation of laparoscopic liver surgery has been limited, however, due to these functional problems, particularly difficulties with retraction and judgment of the adequate tumor-free margin for precise resection, related to lack of tactile sensation. This study proved that tumors in the posterior portion of the right hepatic lobe can be successfully resected using the hand-assisted laparoscopic technique.
The HALS study group 9 and Southern surgeons' club study group 10 have concluded that the hand-assisted laparoscopic technique is a useful and feasible alternative for the management of the cases that are too complex or timeconsuming to be managed by purely the laparoscopic approach. Fong et al 22 adopted the technique for liver resection in 5 patients, suggesting that the tactile sensation facilitated gentle liver manipulation, blunt dissection, and identification of the vascular pedicles. Antonetti et al 23 applied the handassisted laparoscopic technique for liver tumor resection and ablation. It was proven that the technique was safely and 
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Hand-Assisted Laparoscopic Hepatectomy effectively applied to the liver surgery; it also improved diagnostic and staging accuracy for malignancy. Further, use of the inserted hand, which is arguably the ultimate surgical instrument, allows provision of an improved surgical field for division of the triangular and coronary ligaments using gentle countertraction of the liver and temporary hemostasis for minor bleeding from the transected surface with finger compression. Although the increased size of the incision (6 -8 cm) required to create the access for this device reduces the clinical benefits in comparison to minimally invasive surgery, the invasion is less profound compared with the conventional open procedure for which the wound must be extended to the flank. Nevertheless, the HandPort system still has some distinct disadvantages. First, fatigue in the inserting hand may occur if the operative duration is prolonged; in this case, the operator and assistant must change position to continue the procedure. Second, air leakage is still present if the inflatable ring of the base retractor is not in a fully expanded condition or if disconnection occurs between the base retractor and pneumosleeve during manipulation of liver.
The major problem that has been of concern in laparoscopic resection of the liver is the serious consequences of vascular injury that may result in bleeding and carbon dioxide embolism if the hepatic vein us injured. Several authors have reported using the Pringle maneuver to apply intermittent vascular control to reduce blood loss during liver transection. 21, 22, 24 However, the precise localization of the tumor and its related major vessels by laparoscopic ultrasound is the essential step for hemostasis. The Ultrashear, an ultrasonic dissection device, is readily available, offering safe cutting and coagulation of the liver parenchyma and sealing of vessels and bile ducts smaller than 3 mm in diameter. Further, larger vessels or bile ducts may be divided after application of 10-mm endoclips, and manual compression can be used to stop oozing from the transected surface. Some authors have adopted the gasless abdominal wall lifting method to avoid the life-threatening complication-carbon dioxide embolism if the hepatic vein is injured. 4, 25, 26 Although we did not experience this technique, we suggest that careful dissection and low pneumoperitoneal pressure are the crucial preventive measures. However, we still did not recommend the utilization of this technique for the tumor that was near the vena cava or the major hepatic veins.
Adequate resection margins, tumor seeding, and metastases of the wounds are the 2 major concerns in laparoscopic surgery for malignant tumor. [27] [28] [29] With the introduction of laparoscopic ultrasonography, however, not only the location of tumors and adjacent major vessels can be accurately identified, substantially reducing the risk of hepatic-vein injury and preventing the occurrence of CO 2 embolism, but the optimal transection margin can also be chosen to ensure safe and adequate resection. Gigot et al 29 have demonstrated that a lower incidence of insufficient surgical margin was observed in the laparoscopic ultrasound-used group. The hand-assisted technique, by definition, provides optimal tactile sensation, allowing the surgeon to follow the chosen transection margin without difficulty. There are many theories and preventive measures that have been proposed, 30 but the retrieval bag for specimen and wound protection are the strategies in the prevention of wound metastasis. The Hand-Port system provides access for retrieval of specimens comparable to open procedures, with the internal sleeve offering another protection for the wound. Theoretically, the risk of tumor seeding or wound metastasis will not increase with this technique as long as the dissection, manipulation, and retrieval of the specimen do not compromise the integrity of the tumor.
In conclusion, despite a small number of patients, this study reveals that this technique is a feasible and safe alternative for removal of solid tumors in the posterior portion of right lobe of the liver in selected patients. This is achieved without sacrificing two attributes fundamental to open surgery: direct manipulation and tactile perception. The major benefits of the procedure are avoidance of major incisions in the patients with small tumors requiring limited resection and reduced wound-related complication rates.
